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(57) Abstract 

A mediod and a ooupUng for lednc- 
ing the hamumic dbtoition of a caspadxy 
transducer (1), such as a microphooe, such 
as a capacitor nucxophone^ the capacity 
(Ck) of wluch is altered in response to a 
sound pressure chs the caparitor electrode 
(the membrane) by means of a negative ca- 
pacity. According to the Invention the neg- 
ative capacity is coiq>led in parallel to the 
accottstic transdnoer (1) and dimeisioned 
so as to efiminate the effect of the unde- 
sited charities (Cs) causing the distoition. 
In this nyanner the hannonic distoition oi 
die capaci^ transducer (1) is reduced to a 
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TMe: A method and a couDlina for reducing the harmonic distortion of a 
capacltlve transducer 

Technical Field 

The invention relates to a method of reducing the harmonic distortion of 
5 a capacitive transducer, such as a capacitor microphone, the capacity of 
which is altered In response to a sound pressure on the electrode (the 
membrane) of the capacitor microphone, said distortion originating from 
undesired capacities in the transducer, by means of a negative capacity 
connected to said transducer. The invention relates furthermore to a 
10 coupling for carrying out the method. 

Baclcoround Art 

Capacitor microphones present a very high fidelity and are therefore 
used In almost all professional systems. They are also used In consumer 
devices and in personal equipment, such as tape recorders and hearing 
1 5 aids. 

The high fidelity is of particular importance in measuring systems and 
other professional systems, where large dynamic ranges free of noise 
and distortion are the object. 

The dynamic range is limited at low sound levels by the noise of the 
20 microphone and by the noise of an amplifier placed after the micro- 
phone. 

At high sound levels, the limit is in practise set by a non-linear distortion 
uniformly increasing with the signal level and being caused by the micro- 
phone; or by an abrupt cutting of the microphone signal caused by the 
25 signal level in the succeeding amplifier. 



wo 94/23547 



PCT/DK94/00142 



2 

It is known that an electric capacity in parallel to the set noise of the 
microphone increases the distortion of the rnicrophone, cf . for instance 
BrOel & Kjaar Technical Review No. 4, 1979, page 18. 

As capacitor microphones in practise present very high electric impe- 
5 dances compared to the succeeding connecting cables and amplifiers, it 
is usually necessary to place an amplifier close to the microphone. The 
amplifier pro^ndes the necessary impedance matching and has typically 
a voltage gain of slightly below 1 . The amplifier is optimized to drive 
long cables and presents such a high input impedance that the micro- 
10 phone is only insignificantly loaded. The input impedance is typically 
between 10 and 50 times 10^ Q, and the input capacity is typically 
between 0.3 and 1 pF. This low input capacity can for instance be 
provided by means of a preamplifier in form of a field effect transistor 
coupled as source follower. 

15 A screen around the input terminal of the preamplifier can be connected 
to the output of the preamplifier, the signal voltage therein then being in 
phase with the input voltage and only being slightly lower than said 
voltage. As a result, the resulting input capacity is reduced in the 
preamplifier because a stronger current in the capacity between the 

20 input terminal and the frame has then been replaced by a weaker current 
in the capacity between fhe Input terminal and said screen. 

Thus modern preamplifiers only load the microphones insignificantly. 

Measuring microphones are cylindrical and often characterised by their 
external diameter. The most conventional sizes are 1"*, 1/2", 1/3**, and 
25 1/8" with capacities of 60 pF, 20 pF, 6.5 pF, and 23.5 pF, respectively. 
Some of the capacity is formed by the active signal-generating capacity 
between the membrane and the back electrode, whereas another portion 
of the capacity is passive and originates from the mounting of said back 
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electrode in the microphone housing and from the output termineis of 
the microphone capsule. 

The passhre portion of the capacity, cf. Fig. 2, is almost the same for 
all microphone sizes, viz. 2 to 3 pF. The ratio of the passive to the 
5 active capacity is typically 4% for the largest types of microphone and 
200% for the smallest types of microphones. 

tt is icnown from German Auslegeschrift No. 2,928,203 that the passive 
portion of the capacity may cause harmonic distortion. Attempts have 
been made at solving this problem by means of two capacitors of the 
10 same value and coupled in series, where one capacitor is positive and 
the other capacitor is negative, said capacities being coupled in series 
with the microphone. This coupling is encumbered with the drawback 
that the microphone is loaded to a disadvantageous degree, which 
increases possible distortions. 

15 Brief Description of the Invention 

The object of the invention is to provide a method of reducing the har- 
monic distortion of a capacity transducer by optimizing the load thereof. 

A method of the above type is according to the invention characterised 
by the negative capacity being coupled in parallel to the transducer and 
20 being dimensioned such that it corresponds substantially to the sum of 
the undesired capacities. The resulting optimizing is performed by neu- 
tralizing the effect of the dissipation capacity of the microphone and 
thereby minimizing the harmonic distortion. 

The invention relates furthermore to a coupling for carrying out the 
25 method according to the invention for reducing the harmonic distortion 
of a capacity transducer, such as a capacitor microphone, the capacity 
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of which is altered in response to a sound pressure on the electrode (the 
membrane) of the capacitor microphone, said distortion originating from 
undesired capacities In the transducer, by means of a negative capacity 
connected to said transducer. The coupling Is according to the invention 
5 characterised by the negative capacity being coupled In parallel to the 
transducer and substantially corresponding to the sum of the undesired 
capacities. The resulting capacltlve transducer presents a lower distor- 
tion than previously known. 

When the capacitive transducer Is connected to a preamplifier, the nega- 
10 tive capacity may according to the invention be provided by the 
preamplifier with a positive capacitive feedback implying that the 
preamplifier has a negative input capacity. In this manner the available 
preamplifier is utilized, and substantially no more than a single additional 
component is required for establishing the negative capacity. The nega- 
15 tive input capacity of the preamplifier is preferably 2 to 3 pF. 

Finally according to the Invention, the negative Input capacity of the 
preamplifier may be variable, whereby the Input capacity can be set until 
the harmonic distortion has a minimum value. 

Brief Description of the Drawings 

20 The invention Is explained In greater detell below with reference to the 
accompanying drawings. In which 

Fig. 1 illustrates a capacitive transducer with a coupling according to the 
invention, and 

Rg. 2 illustrates the Imperfections of the capacitor microphone. 
25 Best Mode for Carrvino Out the Inventinn 
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The capacitive transducer of Fig. 1 can for instance be formed by a 
microphone 1, such as a capacitor microphone, charged from for 
instance a DC source ^fchaige through a resistance R. When it is a ques- 
tion of a capacitor with two parallel plates and a constant charge, the 
5 voltage increases proportional to the distance between the plates when 
said plates are removed from one another, and when said distance is 
reduced the voltage drops proportional thereto. This is known and 
applies to a capacitor without rim effects and without a load. This 
proportionality is the ideal for a capacitor microphone. The Ideal image 

10 is, however, disturbed both by unavoidable stray capacities and by the 
membrane not being moved to an equal extent across the entire surface, 
cf . Fig. 2. This is equivalent to the situation where the most oscillating 
portion, i.e. the central portion, is loaded by the least oscillating portion, 
i.e. the rim portion which is a passive parallel capacity Cg. As a result, 

15 there is no proportionality between oscillations (sound pressure) and 
voltage, which means that a distortion occurs. The ideal ratio corre- 
sponds to 

C^^= t and 
20 *• 

% k 

where 

Q is the charge on the capacitor, is the capacity of the capacitor, d 
25 is the distance tietween the capacitor plates, arwl Ic is a constant. 

According to the invention the above problem has been solved by a 
negative capacity being coupled in parallel to the microphone. This 
negative capacity serves to eliminate the effect of undesired capacities 
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and corresponds substantially to the sum thereof. The negative capacity 
can be provided by means of a succeeding preamplifier 2 providing an 
impedance matching to a connecting cable. The preamplifier 2 is coupled 
such that it has a negative input capacity q^^- negative input capa- 
5 city C{„d is provided by means of a positive capacitive f eedbacic, such as 
by a capacity Ci being coupled between the output of the preamplifier 
2 and the positive input terminal. 

The negative input capacity is thereby = - C, CA-1 ), where A Is the 
amplification before the feedback is provided through the capacity 

10 and is the capacity coupled between the input connected to the 
capacitor microphone 1 and the output being in phase therewith. The 
capacity C, can be variable in such a manner that an optimum value can 
be obtained in response to the microphone on which the coupling is 
used. The sum of the passive parallel cepacity and the input capacity 

1 5 must not become negative because the circuit may otherwise oscillate. 
Usually, the positive capacitive feedback must be so strong that the 
preamplifier corresponds to a negative input capacity Cy^a » pF, 
preferably 2 to 3 pF. 

C, can have a value of 25 pF if the ratio of to R2 is 10. R2 can have 
20 a value of 5 KQ, and R^ can have a value of 50 KQ. Then is -25 pF 
(1 + S/50 - 1) = - 2.5 pF. 

» 

Ci is for instance set by a pure sinusoidal sound signal of for instance 
1000 Hz being fed to the microphone 1 . Then the harmonic distortion 
or the distortion is measured and is set until said harmonic distortion 
25 or distortion assumes a minimum. In connection with a typical capacitor 
microphone, the harmonic distortion should be reduced by approximately 
10 to 20 dB. The improvement depends, however, on the size of the 
capacitor microphone. 
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In order to determine the DC level on the input of the preamplifier and in 
order to isolate said level from a possible polarisation voltage V^t^a^e, a 
complex comprising a capacity and a resistance R3 is in front of the 
preamplifier 2. The capacity is situated in the current path from the 
5 microphone 1 to the preamplifier 2, whereas the resistance R3 is coupled 
between the connection of the capacity to the preamplifier 2 and Ihe 
frame. In this manner the DC level is determined on tiie input to frame, 
C2 is for instance 100 tinnes greater than Ci^. The resistance R3 must be 
very high as it together with C|( it determines tfie lower limit frequency. 



10 



The principle can be used in connection with pressure and pressure 
gradient microphones, it can, however, also be used in connection with 
electrete microphones. 
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1 . A method of reducing tiie harmonic distortion of a capaciidve trans* 
ducer (1), such as a capacitor microphone, the capacity of which is 
altered in response to a sound pressure on the electrode (the membrane) 

5 of the capacitor microphone, said distortion originating from undesired 
capacities (C3) in the transducer (1), by means of a negative capacity 
connected to said transducer (1), characterised by the nega- 
tive capacity (Cj^^j) being coupled in parallel to the transducer (1) and 
being dimensioned such that it corresponds substantially to the sum of 
10 the undesired capacities (C3). 

2. A method as claimed in claim 1 where a preamplifier is connected 
to the capacittve transducer (1)/ characterised by the negative 
capacity being provided by the preamplifier (2) with a capacitive feed- 
back implying that the preamplifier (2) has a negative input capacity 

3. A method as claimed in claim 2, characterised by the 
capacitive feedback being a positive feedback. 

4. A method as claimed in claim 2 or 3, characterised by 
the preamplifier coupling being dimensioned to a negative input capacity 

20 Cq^j) of 2 to 3 pF. 

5. A coupling for carrying out the method as claimed in claims 1 to 4 
for reducing the harmonic distortion of a capacity transducer (1), such 
as a capacitor microphone, the capacity of which is altered in response 
to a sound pressure on the electrode (the membrane) of the capacitor 

25 microphone, said distortion originating from undesired capacities (C3) in 
the transducer (1), by nneans of a negative capacity {C|^d) connected to 
said transducer (1), characterised by the negative capacity 



wo 94/23547 



FCT/DK94/00142 



9 

(C|nd) being coupled in parallel to the transducer and substantially corre- 
sponding to the sum of the undesired capacities (C3). 

6. A coupling as claimed in claim 5 and connected to a preamplifier 
(2), characterised by the negative capacity being provided by 

5 the preamplifier (2) with a positive capacitive feedback implying that the 
preamplifier (2) has a negative input capacity (C|^d)- 

7. A coupling as claimed in claim 5 or 6, characterised by 
the negative input capacity {C-^) of the preamplifier (2) being 2 to 3 pF. 

8. A coupling as claimed in claim 5 or 6, characterised by 
10 the negative input capacity {C„^^) of the preamplifier (2) being variable. 
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